The objective of this study was to determine if there is economic losses caused by neoporosis by identifying the number of abortions occurred in beef cattle in the Pantanal region of Mato Grosso do Sul, which are associated with the disease, and then estimate the economic loss to the productive system. 1098 heifers were evaluated from breeding season to the birth of calves in relation to reproductive performance, and the serological diagnosis of neosporosis was performed. To estimate the economic loss it was chosen the projection of exploratory scenarios through simulation using the software Gerenpec/Embrapa. The output rate for heifers seropositive and seronegative to neosporosis was 28.24% and 50.12% respectively, showing a 44% reduction in the output rate of heifers seropositive to Neospora caninum. The evolution of the herd for a period of 10 years showed higher production of animals in the herd free of disease in three technology levels, with values of 7.3%, 7.1% and 8.7% in stages I, II and III respectively when compared to systems with the disease. By comparing the rate of revenue in the 10 th year of a system free of the disease with an actual observed income over the three levels of technology: the technological level to 14% revenue I, Level II and 21% of revenues to the level technological III 34% higher. Therefore, the study highlights the importance of rural business management geared towards forward-looking vision by identifying trends, behaviors and/or opportunities that will serve as sources for the development of strategic actions, and thus provide increased productivity of rural enterprises eg, methods of neosporosis control using strategies such as the disposal of positive animals. Key words: Heifers, neosporosis, abortion, economic loss DOI: 10.5433/1679 Abstract O objetivo deste trabalho foi verificar os prejuízos econômicos associados a neosporose em novilhas de gado de corte, na região do Pantanal Sul-matogrossense. Foram avaliadas 1098 novilhas da estação de reprodução ao nascimento dos bezerros em relação à performance reprodutiva e realizado o diagnóstico sorológico de neosporose. Para estimar a perda econômica foi escolhida a projeção de cenários exploratórios por meio da simulação utilizando o software Gerenpec/Embrapa. A taxa de desfrute para as novilhas soropositivas e soronegativas para neosporose foi de 28,24% e 50,12%, respectivamente, mostrando uma redução de 44% na taxa de desfrute de novilhas soropositivas para Neospora caninum. A evolução do rebanho para um período de 10 anos apresentou maior produção de animais para o rebanho livre da doença nos três níveis tecnológicos, com valores de 7,3%, 7,1% e 8,7% nos níveis I, II e III respectivamente quando comparados aos sistemas com a doença. Ao comparar o índice da receita no 10° ano de um sistema livre da doença com um sistema real observaram-se receitas superiores nos três níveis tecnológicos: para o nível tecnológico I receita de 14%, nível II receita de 21% e para o nível tecnológico III 34% maior. Portanto, o estudo destaca a importância da gestão do negócio rural voltada para a visão prospectiva, identificando tendências, comportamentos e/ou oportunidades que servirão como fontes para o desenvolvimento de ações estratégicas e, assim, proporcionar aumento da produtividade das empresas rurais, como os métodos de controle da neosporose usando estratégias como o descarte de animais positivos.
Introduction
The production chain of beef in Brazil stands out as a food source of high protein value, and for its capacity to generate jobs and foreign exchange through exports. Since 2003, Brazil leads the world exports of beef, selling 2.1 million tons in 2007, and has the largest commercial herd in the world with 180.3 million head, with 17.3 million heads in Mato Grosso do Sul state (ANUALPEC, 2008) .
With the opening of new worldwide markets, standards as quality, lower environmental impact, tracking, competitive price and sanitary requirement, became able to consolidate the international market share. Consequently, economic analysis can indicate the bottlenecks and the farmer can concentrate technological and managerial efforts to achieve its goal of maximizing profits or minimizing costs, providing increased productivity, and thereby ensure the success of his business (LOPES; CARVALHO, 2002) .
A current example of sanitary barriers is the FMD control policy, which receives a distinct treatment, but with the growing demand of international markets other diseases can potentially be included in the health agenda. The study of the economic impact of a disease can identify how it affects the profitability of cattle production system and serve as a parameter to justify public policies to control the industry.
The Neosporosis, a disease caused by protozoan Neospora caninum has emerged as an important disease in cattle with worldwide distribution and is related to reproductive failure, and the dog being the definitive host. Once installed, the disease is transmitted from mother to child possibly for several generations (DUBEY; SCHARES; ORTEGA-MORA, 2007) . In Mato Grosso do Sul, serological tests showed the presence of Neosporosis in 30% of heifers , 29.5% of embryos recipient heifers of beef cattle raised in extensive regime (PAZ; LEITE; ROCHA, 2007) and Oshiro et al. (2007) identified the presence of N. caninum in 14.9% of cows in the beef cattle herd of the state, where 69.8% of the herds studied showed the presence of Neosporosis, linking abortion as a risk factor associated with the disease.
In the beef industry cow-calf system (cows, heifers and bulls) represents about 56% of the workforce of the Brazilian herd (ANUALPEC, 2008) , heifers in the breeding season represent a bottleneck in the reproductive system, even under favorable conditions (VIEIRA et al., 2005) .
In Brazil, factors that measure the efficiency of cow-calf system, such as pregnancy rates, birth rate, weaning rate, weaning weight, productivity of weaned calves, age at first calving, are still poorly understood (JORGE JUNIOR; CARDOSO; ALBUQUERQUE, 2006) . There are few studies that estimate cost and economic loss related to disease in animals (ALMEIDA et al., 2006; HOLANDA JUNIOR et al., 2005) , in relation to Neosporosis, there are not reports about in the country (ANDREOTTI et al., 2010) .
The aim of this study was to determine whether there is economic loss caused by Neosporosis using the number of abortions occurred in heifers of beef cattle as an indicator, and estimate the economic loss considering the production system in different technological levels.
Material and Methods
The present study was conducted on a farm, located in the municipality of Miranda -MS (20 ° 06'05 "S 56 ° 47'43" W), whose production system is composed of three phases; cow-calf system, rearing and fattening. The field system is characterized by low stocking pasture with defined breeding season and examination of bulls with separate management of heifers in relation to breeding cows.
For the sample size it was used the population proportion estimate (n = (Zα/2)² .0,25/E) according to Levine, Berenson e Stephan (2000) with 95% confidence interval and error of 3 %. It was analyzed a total of 1098 Nellore heifers with an average age of 24 months and mean weight of 259.14 kg. The animals were placed in the mating system based on artificial insemination with clean up bulls (1:35) from November 2007 to March 2008 and followed up throughout the reproductive system until the first months of life of the calves.
Primary data regarding the diagnosis of heifers pregnancy, weight of the female at the beginning of the breeding season, and the births of the calves was raised on the property, and data regarding the diagnosis of neosporosis in heifers were developed in the laboratories of Embrapa Beef Cattle.
Information on the herd were based on routine farm management. There were two blood samples in cows, one in the diagnosis of pregnancy, around 60 days of breeding, and another one month after delivery, and a collection of blood of calves around a month old. The sera, after identification, were stored at -20 ° C until serological testing.
The samples were examined by IFA to detect antibodies against N. caninum. The antigen was produced in a tachyzoites culture of N. caninum strain NC-1 (DUBEY et al., 1988) in Vero cells (OLIVEIRA et al., 2004) . Commercial conjugated anti-bovine IgG (Sigma) was used at a dilution of 1:10,000 and the samples were tested at a dilution of 1:50 (PARÉ; THURMOND; HIETALA, 1996) . In each slide included a negative control serum and a positive.
For the statistical analysis of prevalence obtained by relating the diagnosis of neosporosis in heifers and abortion or conception (birth), it was used 2x2 contingency tables and significance determined by Chi-square test (χ2), using the statistical software.
To estimate the economic loss it was chosen the projection of exploratory scenarios through simulation of a possible future using the software Gerenpec Embrapa Beef Cattle, with the establishment of certain conditions of a production system based on the parameters of the real system under study. According to Schwartz (2000) the elaboration of scenarios is a creative projection of likely behaviors to situations in the future that means embracing a vision of long-term future in an uncertain world.
In drawing up the scenarios we used the software Gerenpec ®, developed by Embrapa Beef Cattle, which is an application that simulates the development of a beef cattle farm for ten years, allowing you to define, predict and consolidating figures for cattle, and the production system (COSTA; FEIJÓ, 2004) .
In this study, the characterization of production systems of cattle took into account the technological level of production practiced by farmers on their properties, thus the production systems were classified as technological level I (level I), technological level II (level II) and technological level III (level III). This classification as a basis for analysis is justified because the presence or absence of disease in the herd can express different economic effects according to different technological practices adopted by the system of production.
The technological level I reflected the conditions described by Costa et al. (2005) , characterized by low-tech production systems. According to was defined improved production systems with the use of an average technology and adoption of good practices of beef cattle management, which characterized the technological level II. The production system with technological level III is described with the use of high technology, using the estimates observed in experiments conducted by Zimmer e Euclides Filho (1997), which beyond the application of good practices in beef cattle management also makes supplementary feeding in the pasture for finishing animals. The general characteristics of technological practices adopted in production systems as defined in this study were based on good agricultural practices (VALLE, 2010) (Table 1) . The technical coefficients also reflect the technological standard adopted on farms, because they demonstrate the performance of the flock, so these livestock indicators served as a reference in the construction of a modal system according to each level of technology (Table 2) . 
Results
Analysis of blood samples in the first and second collection of cattle showed the same results by IFA, only three sera turned positive for the second collection in this way, we considered the information of those who had two positive tests, to analyze the results of serological and its association with the birth.
To verify if the frequency of abortions occurred in the sample were associated with the presence of neosporosis in a herd there was a pregnancy diagnosis by palpation, in which it was met a total of 546 pregnant heifers which corresponds to 49.73%. The heifers that were negative for the disease in pregnancy had a loss of 40.88% and the positive the value of 55.89%.
To verify that the frequency of abortions occurring in the sample were associated with the presence of neosporosis was observed in the herd pregnancy diagnosis by palpation, in which was observed a total of 546 pregnant heifers which corresponds to 49.73%. The negative heifers for disease was observed pregnancy loss in a 40.88% and the positive heifers with value of 55.89% (Table 3) . In this work, to demonstrate the impact of disease on reproductive performance of heifers were tested the significance of association between two qualitative variables: the cases of abortion and seropositivity for neosporosis (Table 4) .
It was found the value of χ2 = 28.58 with a significance level of 0.01% (α = 0.0001) and degree of freedom (df = 1), and it was concluded that there is significant difference between the proportion of births of positive calf heifers and the proportion of abortions in heifers positive for neosporosis. In this herd, the off take rate averaged 36.43% comparing this rate (heifers in a real herd) with a production rate of negative heifers of 50.12% (herd without the disease) (Table 4) showing a difference in the amount of 13.69%, which means a herd of heifers had a real loss in its birth rate in relation to a herd of heifers without the presence of neosporosis.
In field conditions, the general herd of a production system for beef cattle is composed of various categories of animals (cows, heifers, calves, males, bulls and cow herders). Within the phase of cow-calf the reproductive system is composed of 80% of cows and 20% of heifers, making the participation of the heifers loss of 13.69% represent only a proportional reproductive impact of 2.73% of animal losses in the general herd.
To analyze the economic impact of neosporosis on the productive system of the State of Mato Grosso do Sul two systems of production for each technology level with a time horizon of ten years were simulated, one representing livestock indicators in real conditions found in the literature, ie a herd with the presence of disease, and one without disease and with only an increase in birth rate of 6.01% compared to initial husbandry values.
In the simulation, using the software Gerenpec (EMBRAPA GADO DE CORTE, 2010) it was held constant for all levels of technology the initial herd variables, weight and price of lean cattle, weight and price of fed cattle and livestock sales planning by category: the annual components of total revenues were calves (as), fat calf, calf early, male fat and cow (cows over 60 months destined for disposal).
Graphs 1 to 3 show the profile of the three levels of technology in relation to the herd and their production, comparing the two production systems in a time span of ten years. The two production systems of technological level I, both the real and free of disease, showed, on average, a negative trend in the herd growth rate of -2.35% and -1.19% per annum respectively, which resulted in a reduction in inventory of cattle at the end of the simulated period (Graphic 1).
A similar situation occurred with the annual production growth rate of livestock, this production being the number of heads sold annually in the different categories that make up the recipe, this rate from the fifth year was also negative for both the real scenario (-3.55% on average) and for the disease-free scenario (-1.93% on average), reflecting the downward trend in the evolution of the herd (Graphic 1). Graphic 1. Trend of the evolution of their livestock and animal production in systems with technological level I.
At the technological level II, the real production system showed a trend in the herd growth rate averaged at 2.7% per annum, and the system free of disease an average rate of 3.99% per year, which allowed an increase in stocks of these herds at the end of the period, and boosted the production of animals annually. The average production growth rate of livestock was 8.89% per annum for the real system, and 10.16% per annum for the system without the disease, which means that this system produced last year, on average, 14.33% animals more than the first (Graphic 2).
Graphic 2.
Trend of the evolution of their livestock and animal production in systems with technological level II.
For the level III technological standard, the real production system and the system without the disease had herd growth rates averaged at 4% and 5.6% per annum respectively, which resulted in a behavior of livestock inventory and animal production similar to the technology level II (Graphic 3).
Graphic 3. Evolution of herd and livestock production in the system with technology level III.
Regarding the average animal production growth rate, for the real system it was 11.4% per annum, and for the system without the disease it was 13% per year, which also produced every year, on average, 14 37% animals more than the first (Graphic 3). At the end of the period of 10 years, at the technological level I, the disease-free production system presented an animal production 7,3% higher in comparison to the system under real conditions. For the level II production system the difference was 7,1% higher and for the level III production system the difference was 8,7% higher.
The three production systems without the disease had growth rates in relation to total production of animals, which reinforces the claim that Neosporosis, when endemic, acts in a discreet manner, being quiet and regular, causing low impact over a period, what may hinder the effort of the producer to increase the productivity of his herd. For the systems using higher technology, such as technological levels II and III, the disease control showed a more efficient animal production outcome, because this production still increases throughout the period of 10 years, which suggests a greater impact on revenue.
Since the annual revenue was the product of the yearly animal production by its price, according to the animal type, to check the revenue variation occurred each year (over 10 years) and compare the real production systems and disease-free, according to the technological level, it was constructed the index of the annual income having as a base period the year one.
At the technological level I after the 5th year for both the real system and the system without the presence of Neosporosis, revenues presented an unstable evolution due to the downward trend in the annual animal production. In the 10th year the real system obtained a 19% annual revenue exceeding the revenue of the first year, while the system free of the disease had a revenue 33% higher (Table 5) . For the technological level II, the annual revenue for both systems had a rising trend: at the end of the 10 year period the annual revenue was more than 113% higher than the first year revenue for the real system, and 134% higher for the system free of disease. At the technological level III, the annual revenue of the final year of study was 159% higher than in the first year, and the annual revenue of the system free of the disease was 193% higher for the same date basis.
Comparing the percentage variation rates of income index between the two production systems (disease-free and real) of every technological level, the difference was the economic loss to the real production system in accordance with each technological standard along the period of 10 years.
By comparing the rates of income between the two systems, disease-free and real system, within each level of technology, and considering the evolution period of the herd, the difference between them showed that there is a real revenue gain that is higher for the system free of disease in all three technology levels, and this difference is greater the higher the technological level is (Graphic 4).
In the 10th year for Level I, the production system free of the disease reported a revenue 14% superior to the revenue of the date basis in relation to the real system. Level II had revenues 21% superior and the level III showed 34% higher revenue than the real system. Graphic 4. Evolution of growth rates of revenues index from production systems free of neosporosis compared with real systems according to the technological standard.
Discussion
Not yet a consensus regarding a cutt-off value that should be the reference for the diagnosis of neosporosis and it can be influenced by age or stage of disease in animals, strategy of diagnostic evaluation and laboratory conditions (ALVAREZ-GARCIA et al., 2003 , VON BLUNRÖDER et al, 2004 DUBEY, SCHARER, 2006) . Serological tests to identify infected animals, may require a higher sensitivity, lower cut-off than should be suggested for the diagnosis of bovine abortion. In the state of Mato Grosso do Sul the epidemiological survey was carried out with the cutoff of 1:50 (OSHIRO et al., 2007; ANDREOTTI et al., 2010) . For these reasons we defined a cut-off with a tendency to give greater sensitivity to the test (1:50).
In assessing the presence of disease in the herd studied the value of 36.43% was similar to that found by Andreotti et al. (2004) value of 30% in heifers of beef cattle, and by Paz, Leite e Rocha (2007) where 29.5% were found positive animals using embryo recipient heifers for beef cattle.
The birthrate, or benefit, for heifers seronegative and seropositive for neosporosis was 50.12% and 28.24% respectively, indicating that the production rate of heifers with Neosporosis was 44% lower than the negative. When comparing the benefit index value of Neosporosis negative heifers (50.12%) with birth rates and weaning in beef cattle herd, raised in native pastures of the Pantanal (CADAVID GARCIA, 1981; 1986) that are between 50 and 58%, it is possible to observe that they are close. However, these values are low compared to the cerrado region.
The results of this study reinforce the information collected by Oshiro et al. (2007) that showed a prevalence of 14.8% to neosporosis in cows and in cattle in Mato Grosso do Sul and identified abortion as a risk factor associated to neosporosis. To demonstrate the impact of disease on reproductive performance of heifers the significance of association between two qualitative variables was tested: the cases of abortion and seropositivity for neosporosis.
According to Oshiro et al. (2007) there is an epidemiological assessment of the percentage of contamination with Neosporosis in cattle herd of 14.9% in the state of Mato Grosso do Sul. Since cows represent 80% of the reproductive management herd, proportionally the loss impact is of 3,28%. The sum of the impact of both categories leads to a total loss of 6,01% on the reproductive performance.
Under normal conditions and maintaining the variables constant, the two level I production systems suggest a level of producer decapitalization in a long term period, because even with an increase in one of the indicators of the livestock production system without the disease, both fail to maintain the herd stock, a fact that may influence animal production and compromise the stability of the rural business in virtue of its revenue. This observation is supported by work as Cezar et al. (2005) where the authors, after identifying the decapitalization of the producers of beef cattle farms in traditional medium sized companies in Brazil.
Constraining the producer´s capital conditions, technological changes implemented have improved the performance parameters, but these were still low so that the system could achieve efficiency, meaning that the production system was not able to pay in full the factors of production used, leading to the process of disinvestment of the producer . A similar conclusion was presented by Costa et al. (2008) , which estimated the cost of production at sign of the ox for the State of Mato Grosso do Sul using as basis the production system most frequently adopted, which is characterized by the use of low technology. It was found that the revenue was not enough to cover the total cost, profit was negative, and the costs to produce a bushel of live cattle were higher than the market price, not rewarding the factors of production used and promoting the decapitalization of the producer by the non-payment of interest on the employed capital.
In this study the revenues were also analyzed by the software Gerenpec, where there was the inclusion of data on prices and planning of livestock sales by category and the program generated total revenues based on the simulation of livestock production in each production system. The prices of animals that were fed into the software Gerenpec were based on the price offered by specialized web page Boi & Companhia (2005) at the time of analysis.
In general, the disease control has brought a greater impact on the evolution of annual revenue for the technological level III, so properties that make use of high technology as a supplement to pasture, confinement may have an economic loss of at least 34% over a period of 10 years. Thus, the economic losses to the technological levels I and II may be 14% and 21% respectively, while the first refers to the property with the use of low technology, and the second represents properties that make use of technology, but have not invested in feedlot or animal supplementation. The higher the technological system the greater is the loss of revenue without the control of the disease. In this study it was possible to conclude that there was a negative impact on the herd benefit rate with the presence of cows seropositive for neosporosis. The evolution of the herd, for a period of 10 years, presented a higher animal production for the disease-free herd in the three technological levels when compared to the systems with the disease. By comparing the rate of revenue within the 10 year period of a system free of disease with a real system, there were higher revenues in the three levels of technology, and the higher the technological level the higher the revenue level.
